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WIND-TUNNEL INVESTIGATION OF ALTERNATIVE
PROPELLERS OPERATING BEFIND DEFLECTED
“TNG FLAPS FOR THE XB-36 AIRPLANE

By Emsnuel PRoxer
SUMKARY

Tasts have been conducted in the Tungley prooellser-
research tunnel to determine the serodviawis character-
isticecs of two ousher pronellers of 1ldentical vplan form,
Sut different eirfoll sectlons operating benind a slotted
flap. Th= tests were rade aoon a wing-{lap-nacelle com-
bination siwulating the crrangement at the czanter necelle
of the XT=35 sirmlsne. Condltions et the invocard nscelie
wore simulsted for several tests by addirg a8 raodel of the
lanalng gear.

Tests ware ms8de over the rangs of hlede &ingles and
flap deflectilons nacassary to cover ell fll.ht condltions
of the subjJect alrplene.

The pronellers, one embodying FACA 16-series sec-
tions, the other Zlerk Y, exhlblted very simllar eiflci-
encies within exparlimental error at low tip speeds for
all flap deflections. The peek afficlency ol both pro-
pellers was reduced 2.5 ard 6 nercent for 202 snd LO°®
flap angles, respectively. At tha take-nff power coef-
ficient of J.055 and estimated take-off flap engle of 20°,
the eff*clency loss caused by the flap is siizht.

Extension of the landing gear decreased ths maximum
and talze-off efficlenciles 1nappreclebly for most con-
ditions. .

Compressibllity effects at a tlp Nach number of 0.9l
caused a | percent reduction in peck efficiency for ths
16-seriss proneller when operating et a blade sngle of 10°
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For the same condltion the Clark Y propeller experienced
a 2 percent 'Increase 1ln peak efflcilency. .

INTRODUCTION

An investigation of the offects of deflected wing
flaps uoyon the pronulsive efficiency of propellers for
the XB-36 alrnlane has been made in the Lunsley nroveller-
resoarch tunnol at the request of the Alr Technical Service
Command, Army Alr oices.

The Consolidated-Vultee X5=36 alrplane 13 Gependent
upon the use of wing flaps to tale off In the specified
dlistance. The effect of the {lap weke uron the pusher
propellers was unknovn, vut a gerious ilipalrseant of
efficlency was inmlied d¥ the resulus of several bLritlsh
tests. Therefore, & model was bullt sinmulatiag the
center nacelle of the XJ-56 atrplane which ia the interest
of ovtaining rosults s rqninl as wessible was nrovided

ith en avellavle low activii ,~Toctor oropeller wita
Clac“ Y section. Uhpuol;shed iresults owtained vwiltha this
confilguration »roved the feasillity of take-off with the
arrangenent of the IB-36 airplane Jronuls ve unit; however,
the correct value of propeller thrust necessary to corwute
the tal'e~off dlstance was unot outalned. The effliciency at
aay given forward speed variel as much as 10 porcent
cevending upon the act'vitf-fautor correction usec¢. There-
fore, an addit*onal serles of Utests was wade vsing n model
of the ¥B-36 nropeller (Curtiss 1129-2l: erbedying HACA
15-series sectlons). Prel.viaary tests of this rropeller
indicated unsatisfactorily lov efficlencies wiih deflected
flajs wilch at thet time were thought to be due to the
adverge effects of osclllating flow upon the lo-series
sectlon, To deternine the effect of Vlade section,
nnother pnropeller of the same plan form dbut <mhod:ing
Clarl: Y sections was bullt and btested. "he large loazres
noted in the preliminary tests were subsequently traced
to varlations in the drag of the coufiguration with pro-
peller removed.

Tests vere rmade over the ranje of blads angle aud
flan deflection to cover all flight coinditlions of the
XE-36 alrplane. A4lthough neither full-scale Revnolds
nuriber nor blade wale=-passage frequeincy could be
duplicatad for these tests, the distriimumtion of leoch
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number along the blade was obtalned at a blade angle lower
than that for take-off to determine the Mach number effects
upon the propulsive efflclency.

-

AP?ARATUS ATD ILIETHODS

The model consisted of a constant-~chord wing with
nacelle and flap simulatin% the arrangement at the
center nacelle of the XB-%36 airplane. (See figs. 1
and 2.) The scale of the model (l/19) was selected on a
basis of the nropeller avallable for the nreliminary tests.
A wing span of 15 feet was selected to nrevent tip effects
from Influencing the results, The single~slotted flap
was used throughout thie present series of tests because
the optimua design of a double-slotted flap rad not Fot
been obtailnecd. The extendec landing gear s.ruliting
conditions at t¢ lnwvoard nacelle was used for several
of the tests. Because of uncertalnty of tie fla~l cosign,
the nacelle nose was faired to neet the wing, omltting
the air inlet in the nose nf the nocelle, The exit-a.i
slot at the juncture of tlhe necelle and splimer was
falred over. Proposed proncller cuffs were not employod.

The L~TFoot=diametes nodel propelleis, the blade-
foiv1 curves of which are given in figure 3, are of
~dentical plan foru (fir. 1) but Al ffer in a‘rfoil sec-
tion and »itch distribution., The Curtias 1129 nroapellar
was designed embolring iTACA lu-serlies scctlons, The nHro-
peller incorporating Clarl: ¥ sectlors was vuilt wilth a
8li ht wodlficetion of »Hitch distri’.utlon to allow for
the difference in airf-il characteristics. Toe actlvity
factor for voth blades is 121.

The nroposed two-speed niropeller cCiive of the oripginel
nower-slant design has been abandoned for structural
reasons in favor of a single-sneed reductinn. <“he new
cornmromise gear ratlo is now 0.381 vhich at the talte-off
engine rating tields a power coefficlent of 0.055. The
corresnonding no-flan talm-off advancs ratioc 1s reduced
to 0.59.

The thrust of the installation weas determined from
the tunnel halauce syste'l., To minimize varlatlions of
basic (vroneller rexmwved) drag resulting from clianges in
wing surface concitlons, a stri; of linen tene was doned
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to the winz surface epproximately 5 percent of the chord
from the leadling edge. The proveller torque wes measured
by & spring-tyve autosyn-indiceting dynamometer.

The testlng vrocedure followed for the present tests
was to operate the propmeller at a constant speed prede-
termined for eech blade engle, while increasing the tunnel
veloclity from 30 to 100 mlles per hour. The rotational
sneed was selected so that the propeller would ovorate
nasar zero thrust at 170 mlles per hour. In order to
obtsain quffic¢ent test polnts at blsde argles greater
than 25%, the tsst ovrocedure was as follows: first, the
rotationa] spesd was sst at the maximum value obtainable
at a low tunnel airspeed and the tunnel alrsnpsesed was
increased to 170 mliles vner hour; end sacond, at a tunnel
alrspe d of 100 miles per hour the rotation al sp3ed vas
reduced untll zern thrust was obtailned.

Tests kare made at O° LG °151e of attack fnr flap
angles of O° 10“6 80 , end 40% and for blade anzles
varying from 12. 59 to 25 in 2.5° increments. Tests were
also made of eazh proueller mith wing flan neutral for 5
blade~angle in-crements Irom a=° to COO Additional tesks
were made with flao neutral and at a hlsde angle o1 10°
In which the proveller rotstionel tir speed —as varzed
frorm 13 to 10L0 fest wer sscond. At the laiter sneed
the Mach nurber dlstrivution alonr the blade 2losely
aprroximated thuat of the full-scale 7»10vcller st tale-
off, although nower limitatlion wravented dunlication of
the tave-off blsasds angle.

SYK30LS

vropeller diareteor, feet

wing area, squere feet

valoclty of alr stream, feet uer szzcond
denelty of air, sluws oer cuhic foot

dynesmic prsssure, vounds per square foot <%§?)

2 D << W U

ﬁf flap enylie, degrees
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ﬁo 75R blade asngle st the 0.75 radlus, degrees
n proveller rotational speed, rps
CD drag coefflclent (?EE%)
Qs
Cr, 11ft coefficient /LLEE
as
Vi
J edvance ratio (%5
Cp power coefficlent Power
3.2
m“D
T 2
c thrust coestfictert -—=r or c - 05 ) B
T anDI-I- ( De Dp) op2
Tq effsctive thrust, obtulned hy aldlnsg tha lrag of
the model #lth prowcllzr rennved tn the
rasultant measured rorizcntal torce wit!:
nroreller cneratiny &t the samc stresn dynamic
sressure ard mocdel 11ft ccefficlent
eCr
n pronulsive efficiency 1¢i
vp
Sy arlots:
c ienctas pronellar removed
o] denotes vproneller operatinz

RESULTS AND DISCUSSION

Tha results of the present investigation are pre-
sented in the usual provsller coefficlent form of OCm,

Cys 6end m plotted against the advarce retio J.
Resnlts of tests siirulating the center nacells are pre-

sented in figures 5 to 8, the landing geasr extenced or
inboard nacelle results in fi,oures 9 snd 10,

An indicaticn of the aczsuracy of the data 1s shown
by the test points in figure 6(a). The curves were faired
end cross falred as a family for any one conflguration.
The netessity for so dolng is sapparent from the scatter
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of the force measurements shown In fizure 1l1. The
Yropeller-removed drag coefflclent usad to compute ths
thrust 1ls obtalned from the wing polar curve at the value
of the propeller operating Cy« Fowever, the large 1ift

force fluctuetions dictete the use of s faired CL varia-
tion with advance ratio to reduce scatter or CT test

noints. Thus in Figure 11 the solld curve 1s ths nriginal
Fa*riné used to compute the test results for the 2¢° blede
an;~le of f*g“re 6(a). The dushed curve represents the
nharme in falring necessary to attein the crecss fairad

Sp curve. fke maxlmun divergance betwsen the two curves
nceurs £t a J of aporoximately 0.£, with a cerresponding
increase 1n C(p of 0.0020 or roughly % vnercent in effi~
clency. c

The results of proveller tests with flay nseutral
(figs. 5 and 7) nay be used Ffirzctly to cetsrmine the
efficienciss for various fit. h: conditions. Exceont at

axtremaly hlgch b_:ae amy:lez, “urn moxdqom efficlanzles of
both prOﬂellc £ C D& TETUou. . w8 £01L. 1IN Fanerel,
the results of %18 low-rpus *-cty irdicete Lhat the

L g

differences in elrleisncies Browenn thas Clexl: Y aud
16-series nronellars are vitlh'r c..sriasental error.

#ffect of flans.- A conronrison cf the naak efilclency
envelonss for the retracted l.rdin,-gsar concition cre
shown in flpure 12. At tre no-fl=zp tae-cff sdvance rat: o
of 0.59, the nesXx efficlercy of 73 percent was reduced
2.5 and 6 parcent as the flap ves deflacted to 20° and 10°,
respectlively.

For the take-off run cowputation of the ¥:-35, the
only valid comparison of effacts of flap ceflection upon
efficlency or thrust 1s ore at constan+ power coefficient.
Results obtained by cross-fairing at 3, = 0.055 are
shown 1n figure 13. For a 229° flap rngle ths efficlen:zies
of both vnronelliers were only sli :htl* reduced throu, hcut
most of the range of J fromn T to O.SQ.

The reaximum elficlency (Tig. 1) ts roly sli-tiliv
affected by the landinz gear. 7The added decrement of
efflclency caused Dy flaj Ceflsction 1s of the same
magnituds es with larding-gear retracted. Ssvsrsel srmoka
tosts made of the flow past the landinzy wheel indicuted
that elthough scmewhat deflected oy tte flep, a porsicn
of the wheel weke stlll sntered the propeller 4isk even
at the maxiwum flap esngle.
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The effects of flap deflection at eonstant power
coefflclent with landing gear extended are shown in
-~-flgure 15. The deerease in efficlency 1s aoproximately

2 poercent for a 20° deflection and 5 percent-for a.40% . . .
deflectlon, )

The results of the present. investigation agree sub=-
stantlally with those of the preliminary unpublished data
except at small flap angles with landing gear extended.
The previously obtalned decrease of li to 5 percent in
efficiency for flap angles of 20° or less has ot been
obtained.

Effect of tip Mach number.- The offects of compres~
81lbllity upon ecach propeller are shovn 1n figure 16. The
increase in thrust and power absorption with increasing
tiv speecd 1s as anticinated by airfoill theory and
verified by previous 1nvestisat1cn. (%009 refarence 1l.)

The neak efficiency of thoe »ropeller with Clorz 7
sectims increased 2 percent aud the nweak e¢fficliency of
the vropeller with l6-serios secticns decrecsed . ner-
cent as the tip ijicch numner was inercased from 2.42 to
0. 9h. One would expect the »ropeller embodying HACA
16-series sectlions to possess a higher critical tin .iach
numpber than the Clark . This is irue at the design con-
dition. “owever, calculations indicate that ot nesl:
efficiency for the low blade angle of 10°, the tip sec -
tlons are oneratling near zero Cp 1ndlcﬂt1ng larre

negative veak pressures for the well-combered 1l6~series
sectlons and a consequent loss of elewental thrust froi-
eorly shock. Flgure 17 nresents an snalytical check of
these results based on data of reference 2. The efficiency
1s shown to decrease witli "Jach nunber although not as
rapidly as 1s 1ndicated exporimentally. Towever, 2t the
take-off blade angle and fla) doeflecticn the blade will

be more heavily loaded end the efficlency decrements

should be smaller., The Clarl: Y section does not experience
largze negative veak pressure near gzero lift and, tliere-
fore, the propeller exhibits an efficiency yain due to

the favorabdle coxpressibllitr effects.
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SUMMARY OF RESULTS

The results of this investigation are summarized
below:

1. Low-sveed test data indicate thet sxcsot et
extremely high blade angles the maximum efficlencies of
. both nropsllers zan bs regarded as egusal.

2. £t the talke-off advance ratlo, the peak efficiency
of' both propellars at the center necelle was reduced 2.J
and 6 percent for 20° and 1:0° flao anzles, resvectively

3., At the take-off nower cosffﬁulent 9f 0.055 and
estimated take-off flap angle of 20 the anparent
efficiercy loss is within axperlﬁental error..

. Bxternsion of the la Ging gear decrsaced the
maxirmm and teke-off =iflcienciss of ooth propellers
slightly for most conlitlons,

5. &t & blade engle lower than that for take-off
the com 'ressibllity effects at the tils liach number of
0.9l. caused a L. percant reductlon in pesk °Pflciency for
the 16-series arouellers end an incrsase of 2 porcent
for the Clark Y.

Langley YMemerlal Aeronauticsal Lanoratory
Natlonal Advisory Committee for Aeronautics
Langley Fleld, Va.
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Figure 1.~ General arrangement of the XB-36 propeller test model.
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figure 3.- Hlade-form ourves for the 1120-24 propeller (R
radius to the tip; D, diameters b! section ehord; b, ’

ssction thickness; r, station

o usj) S, seotion blade



Figure 4.- View of 1129-24 propeller blades, Clark Y left
18-series right.
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